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@ Coating process and apparatus. 

@ The invention includes a method and ap- 
paratus for applying a single or nmjltiple layer 
coating material to a substrate (30) using a 
generally cylindrical application roller (26). First 
and second coating materials are extnjded and 
join together to form a multiple layer coating 
material. Additional layers may be similarly pro- 
vided if desired. The multiple layer coating ma- 
terial may then be transfened on the peripheral 
surface (24) of the application roller to a sub- 
strate, such as paper. The application roller may 
be rotated to produce a surface velocity that ts 
greater than the velocity of the extruded multi- 
ple layer coating material, to draw the material 
and provide a thin multiple coating layer. Fur- 
thermore, the subtle may be convey^ past 
the application interface at a velocity greater 
than the suriiace velocity of the application 
roller, to provkle further drawing of the multiple 
layer coating material. 




FIG. 2 
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TECHNICAL FIELD 

The present invention relates to a proc^ and 
apparatus for coating one or more layers of a coating 
material onto a receiving ajrface, such as a sufc>- 
strate. 

BACKGROUND OF THE I^A^NTION 

Coating materials such as hot-melt adhesives 
and radiation curalrfe adhesives may be applied to a 
substrate, such as paper, by one of several different 
methods. For example, direct die coating is a method 
that involves the extrusion of a flowable coating ma- 
terial through one or more die openings onto a sub- 
strate. As shown in F^ure 1, a substrate 1 is driven 
from supply roll 2 past die coater 3 and to takeup roll 
3. The die coater applies one ormore layers of coating 
material (two. in the illustrated embodiment) dirertly 
onto the substrate. Such a method may be used to 
provide an adhesive layeronto a webof paper or poly- 
meric film. 

Gravure coating is another known method of ap- 
plying a coating material to a substrate. In gravure 
coating, an applicator roller is used to receive and 
transfer the coating material to a substrate. The ap- 
plicator roller includes a predetermined pattern of en- 
grave depressions, or cells, formed in the peripheral 
surface thereof. The coating material is carried in the 
cells, and Is transferred to the substrate at an appli- 
cation interface between the applicator roller and the 
substrate. Because the coating material has a greater 
affinity for the substrate than for the surface of the 
applicator roller, the coating material Is evacuated 
from each of the cells as those cells pass the appli- 
cation interface. 

The foregoing processes, while having utility for 
certain applications, may exhibit deficiencies in the 
context of other applications. For example, gravure 
coating is designed to apply a single layer of coating 
material to a substrate. To apply multiple layers of 
coating material, the layers must be applied sequen- 
tially, which is time consuming and therefore expen- 
sive. As another example, it may be difficult to apply 
a very thin layer of a coating material to a substrate 
using direct die coating processes. Because the die 
opening must be very narrow to apply a coating layer 
of similar thickness, impurities (such as gels and 
other contaminants) in the coating material can oc- 
clude the die opening. Such an occlusion can cause 
streaking and voids, which may result in an unaccept- 
able product Furthermore, the production line must 
be halted to allow the die to be cleaned, which results 
in a substantial loss of production capacity. Thus, di- 
rect die coating processes may not facilitate the ap- 
plicatfon of very thin layers of coating material to a 
substrate. 

In view of the potential deficiencies of the coating 



processes of the prior art, it is desirable to provide a 
coating process that facilitates the application of thin 
layers of coating material. It is also desirable to pro- 
vide a coating process that enables the simultaneous 
application of mulUple layers of a coating material. 

SUMMARY OF THE INVENTION 

The present inventwn provides a methaJ of ap- 
10 plying a coating material to a substrate. The method 
awnprises the steps of provkling a die including a 
number of chambers, each chamber having die open- 
ing; providing a number of sources of coating materi- 
al, each source adapted to provide a respective coat- 
15 ing material to one of the chambers; provkiing an ap- 
plfcation roller having a peripheral surface for receiv- 
ing the coating material; conveying a sut^trate past 
the peripheral surface of the application roller at an 
application interface to enable the application roller to 
20 transfer the coating material onto the substrate at the 
application interface; extruding the coating material 
through the die opening of the respecth^e chambers; 
conveying the coating material on the peripheral sur- 
face of the application roller to the application inter- 
25 face; and rotating the application roller to transfer the 
coating material to the substrate at the applicatfon in- 
terface. In one embodiment, the method comprises 
the foregoing steps, wherein the die has two cham- 
bers, and two sources of coating material are provid- 
30 ed. each of which is fluidically connected to one of the 
two chambers. 

Also provided is an apparatus for applying a coat- 
ing material to a substrate. The apparatus comprises 
a die including a number of chambers, each chamber 
35 having die opening; a number of sources of coating 
material, each source adapted to provide a respectwe 
coating material to one of sakJ chambers; an applica- 
tfon roller having a peripheral surface for receiving the 
coating material; a substrate for recehnng the coating 
40 nraterial; means for conveying the substrate past the 
peripheral surface of the application roller at an appli- 
cation interface to enable the application roller to 
transfer the coating material onto the substrate at the 
application interface; means for extruding the coating 
45 material through the die openings of the respectwe 
chambers; and means for roteting the applicatfon roll- 
er about a central axis. The peripheral surface of the 
application roller conveys the coating material to the 
application interface, and the application roller trans- 
50 fers the coating material to the substrate at the appli- 
cation interface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 The present inventton is described with particular 
reference to the appended figures, wherein like refer- 
ence numbers represent identical structure through- 
out the several views, and wherein: 
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Figure 1 is a schematic illustratfon of a dffect die 
coating process according to ttie prior art; 
Rgure 2 is a schematic illustration of the coating 
method and apparatus of the present invention- 
and ' 5 

Figure 3 is a crcKS-sectional view of an alterna- 
tive embodiment of a manifold die for use with the 
apparatus of the present invention. 
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As shown in Figure 2, the apparatus of the pres- 
ent invention includes at least one source of coating 
material (shown as two sources 10 and 12 in the Illu- 
strated eml)odiment), which are in fluldic connection is 
with a nwnifold coating die 14. The present invention 
also has utility in the application of a single layer coat- 
ing material, or in the application of more than two lay^ 
ers of coating material. However, the invention will be 
described primarily with reference to the application 20 
of two coating materials. Coating die 14 has at least 
two separate chambers 16 and 18 for receiving coat- 
ing material from sources 10 and 12, respectively. 
Chambers 16 and 18 fluidically communicate with die 
openings 20 and 22. respectively, which are proxi- 25 
mate the peripheral surface 24 of an application roller 
26. 

A feature of the present invention relates to 
plying the coating materials onto the application roller, 
and subsequently transferring the coating material 30 
frtmi the application roller onto the substrate. Specif- 
ically, as shown in Figure 2. first coating material 11 
is provided through a first die opening 20 where it 
joins second coating material 1 3 that has been provid- 
ed through a second die opening 22 to form a multiple 35 
layer coating material 15. Additional die openings 
may also be provided, as shown in the embodiment 
of nrianifold die 14* in Figure 3, which includes three 
chambers (16.', 18', and 18a) and three die openings 
(20'. 22*. and 22a). The multiple layer coating material 40 
15 is then canied on the peripheral face 24 of appli- 
cation 26 roller toward the application interface 28. for 
transfer to a substrate 30. 

Substrate 30 is provided by supply roll 32. and is 
collected by takeup roll 34. A backing roller 36 oppos- 45 
es application roller 26 at the application interface 28. 
When the multiple layer coating material 15 reaches 
application interface 28, the multiple layer coating 
material is transferred to the substrate. The outer- 
most layer of coating material contacts the substrate, so 
and tends to adhere to the substrate. The attractive 
force between the outermost layer and the substrate, 
and between the various layers of coating material, is 
greater than the attractive force between the applica- 
tion roller and the coating material layer closest to it 55 
Furthermore, the peripheral surface of the application 
roller may be coated with a release coating, such as 
Teflon, to facilitate release of the multi-layer coating 



material. Thus, the multMayer coating material is 
transferred onto the substrate at the application inter- 
face. 

The foregoing method and apparatus enables 
the application roller to be rotated at a surface veloo- 
ity that is greater than the extrusion velocity of the 
coating materials. This results in a "drawing" of the 
multiple layer coating material, which in turn results 
in low multiple layer thickness, or low coating weight, 
which is particularly desirable for some applications. 
The degree of draw nay be controlled as desired, 
such that the thickness of the multiple layer coating 
material may be similarly controlled, in contrast to the 
application systems of the prior art 

Additional drawing may be achieved by convey- 
ing the substrate past the application roller at a great- 
er velocity than the surface velocity of the application 
roller. For example, if the substrate is conveyed at a 
velocity of 1.0 m/s (197 ft/min), and the peripheral 
surface of the application roller is travelling at a ve- 
locity of 0.5 m/s (98.4 ftAnin) at the application inter- 
face, the draw ratio is approximately 2:1. TTius. the 
thickness of the multiple layer coating material will be 
approximately 1/2 as thick on the substrate as on the 
peripheral surface of the application roller. This fea- 
ture of the present invention assists in providing ma- 
terial application at low coating weight, which may be 
a desirable feature for some applications. 

Although it is preferred that the respective coat- 
ing materials meet to fonm the multiple layer coating 
material prior to contact with the application rdler, the 
respecUve coating nrtaterials could instead be se- 
quentially applied to the application roller, with suit- 
able mwJifications to the method and apparatus pre- 
viously described. Af irst coating material could be ap- 
plied to the application roller, followed by a second 
coating material layer applied over the first layer, and 
so on, to form the multiple coating layer of the inven- 
tion. This process may be repeats for subsequent 
coating layers as desired. 

The vark)us layers of coating material may be se- 
lected as desired. For example, the first layer (which 
will be the outenmost layer after the multi-layer coat- 
ing material is applied to the substrate) may be a pres- 
sure sensitive adheswe comprising isooctyl acrylate 
(iOA), octodecyl acrylate (ODA). acrylic add (AA). 
and 4-acryloyl-oxy-benzophenone (ABP). Another 
suitable pressure sensitive adhesive comprises iso- 
octyl acrylate (IOA). octodecyl acrylate (ODA). and 4- 
acryloyl-oxy-benzophenone (ABP). Other suiteble 
adhesives are disclosed in U.S. Patent Application 
Serial Number 07/816.593, filed 31 December 1991 
and entitled "Removable. Low Melt Viscosity Acrylic 
Pressure Sensitive Adhesives." the contents of which 
are incorporated by reference herein. 

The second layer could comprise a tie layer, 
which may be desirable for bonding an adhesive layer 
to a paper substrate. A suiteble tie layer comprises 
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maleated propylene/hexene copolymer, such as that 
availalrfe from the Eastman Chemical Corporation of 
Kingsport. Tennessee, under product number PI 824- 
013. Additional layers may also t>e provided, as de- 
sffed. ^ 

Tlie method and apparatus of the present Inven- 
tion provide a solution to the die opening occlusion 
problems of the apparatuses of the prior art The pres- 
ent invention overcomes problems of die opening oc- 
clusion through use of larger die openings than those io 
that are used in the direct die coating processes of the 
prita- art By providing lower coating material flow ve- 
locity and an application roller, a relatively thin coat- 
ing may be applied to a substrate using die openings 
that are approximately 2 to 4 times wider than the die is 
openings of the prior art apparatuses. Specifically, 
the nmjitiple layer coating material is relatively thick 
when it exits the extruding apparatus, but beccwnes 
thinner due to the drawing artion of the application 
roller. The multiple layer coating material may again 20 
be drawn at the interface between the peripheral sur- 
face of the application roller and the substrate. As a 
result, a relatwely thin multiple layer coating material 
may be applied to a substrate, although a relatively 
thick multiple layer coating material was initially ex- 25 
truded. A benefit of larger die openings is that gels 
and other contaminants that would become lodged in 
the die openings of direct die coating apparatuses 
pass through the larger die openings of the present in- 
vention. Thus, the streaks and voids in the coating 30 
layer that result from occlusion of the die openings 
are reduced or eliminated. 

The manifold die may be designed as known in 
the art. and should be adapted to facilitate the even, 
smooth extrusion of the respective coating materials. 35 
The geometry of the die and die openings may thus 
be selected for optimum performance with a particu- 
lar set of coating materials. For example, the extru- 
ston pressure may be increased or decreased, the die 
opening dimensions nnay be increased or decreased, 40 
the separation between the respective die openings 
may be increased or decreased, or the partition sep- 
arating adjacent chambers may be raised or lowered 
to enable the respective layers to meet slightly inside 
of or outside of the die. The extrusfon process thus 45 
may be optimized for the materials to be extruded, as 
known in the art 

The present invention will be better understood 
with reference to the following Example, which is in- 
tended to be illustrative and nonlimiting. 50 

Example 

A source of a pressure sensitive adhesive corrv 
prising 58% by weight isooctyl acrylate (lOA), 40% by 55 
weight octodecyl acrylate (ODA). 2% by weight acryl- 
ic acid (AA), and 0.4% by weight 4-acryloyl-oxy.ben- 
zophenone (ABP) was provided. The total percentage 



of the constituents does not equal 100% due to 
rounding. The adhesive was prepared in accordance 
with the disclosure of U.S. Patent Applicatmn Serial 
Number 07/816,593, the disclosure of which was in- 
corporated by reference above. The adhesive was 
heated to a temperature of approximately 138** C 
(280* F) prior to being supplied under pressure to the 
first chamber of the manifold die. The first and second 
chambers of the manifold die each included a single, 
slot-shaped die opening, measuring approximately 
2.9 cm (1.14 in) long by 0.051 cm (0.02 in) wide. The 
pressure was applied by a constant displacement 
gear pump, and was maintained at a level sufficient 
to produce a flow rate of approximately 1,42 g/s 
(0.050 oz/s) through the first die opening. 

Similarly, a source of pdyolefin, available from 
the Eastman Chemical Company of Kingsport, Ten- 
nessee under product number PI 824^01 3. was pro- 
vkJed. and was heated prior to being supplied und& 
pressure to the second chamber of the manifdd die. 
The pressure was applied by a second constant dis- 
placement gear pump, and was maintained at a level 
sufficient to produce a flow rate of approximately 
0.675 g/s (0.0238 oz/s) through the second die open- 
ing. The second die opening measured approximately 
3.175 cm (1.25 in) long by 0.0254 cm (0.01 in) wide. 
A partition separated the first and second chambers 
of the die to prevent mixing of the respective coating 
materials. 

The first die opening was upstream of the second 
die opening, to enable the respective coating materi- 
als to be extruded through the respective die open- 
ings, and to meet to form the multiple layer coating 
material. An application roller was relatively support- 
ed adjacent the die openings, such that the multiple 
layer coating material would collect on the peripheral 
surface of the application roller. The application roller 
had a radius of approximately 12.7 cm (5.0 in), and a 
peripheral surface width of 3.175 cm (1.25 in). The 
peripheral surface of the application roller included a 
multiplicity of projecting structures randomly distrib- 
uted across the peripheral face of the application rol^ 
er, which structures measured approximately 0.76 
mm (0.003 in) high, and were generally hemispheri- 
cal. The peripheral surface of the applicatfon roller 
was coated with a fluorocarbon or Teflon release 
coating, to facilitete transfer of the multiple layer coat- 
ing material to the substrate at the application inter- 
face. Further background infonmation regaitJing the 
constructbn and operatfon of the application roller 
apparatus may be found in copending U.S. Patent ai>- 
plication serial-number 08/056.362, filed 30 April 
1993 and entitled "Method and Apparatus for Apply- 
ing a Coating Material to a Substrate." the contents 
of which is incorporated by reference herein. 

The application roller was rotated about its cen- 
tral axis at a rotetional velocity suffident to produce 
a velodty of 0.5 m/s (1 00 f t/min) at the peripheral sur- 
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face. The first and second gear pumps were activated 
to extrude the first and second coating materials 
through the first and second die openings, respec- 
tively. The coating materials bonded together to form 
the multiple layer crating mat^al, but little orno mix- 5 
ing occurred between the respecthre layers. The first 
(pressure sensitwe adhesive) layer was approximate- 
ly 0.003 cm (0.0012 in) thidc. and the second (tie) lay- 
er was approximately 0.001 cm (0.0004 in) thick. 

A supply web of 20 pound xerographic bond pa- 10 
per was providwJ, and the paper was conveyed past 
the application interface by a supply roller and collect- 
ed on a takeup roller. The paper measured 30.5 cm 
(12.0 in) wide and 0.0122 cm (0.0048 in) thick. The 
paper web was conveyed at a velocity of 1 .5 m/s (300 15 
ft/min) past the application interface, and thus the 
web velocity was greats- than the surface velocity of 
the periphery of the application roller by approximate- 
ly a factor of 3. 

The multiple layer coating material was then 20 
transferred to the paper web at the application inter- 
face. The second (tie) layeradhered to the paper web, 
and the first coating layer released from the periph^ 
eral surface of the application roller. The resulting 
coating layer thickness after application to the paper 25 
web were 0.0102 mm (0.0004 in) for the first (adhe- 
sive) layer, and 0.0033 mm (0.00013 in) for the sec. 
ond (tie) layer. The second coating layer was ex- 
posed, and the article formed by the coated paper 
web was adapted for adhesive engagement with a 30 
surface. 

It should be understood that although the present 
invention has been described with reference to the 
transfer of a multiple layer coating material directly to 
a substrate, it is within the scope of the present inven- 35 
tion to transfer the multiple layer coating material to 
one or hkmb intermediate rollers or other apparatus- 
es, and then to a substrate. That is, the transfer of the 
multiple layer coating material from the application 
roller to the substrate ts preferably a direct transfer, 40 
but may instead be an indirect transfer if desired. 

The present invention has now been described 
with reference to several embodiments thereof. How^ 
ever, persons of skill in the art will recognize that va- 
riations may be made in the embodiments described 4s 
without departing from the scope of the invention. 
Thus, the scope of the present invention should not 
be limited by the embodiments shown and described 
herein, but rather by the structures described by the 
claims, and the equivalents of those structures. 50 



Claims 



A method of applying a coating material to a sub- 
strate, comprising the steps of: 

a) providing a die (14) Including first and sec- 
ond chambers (16, 18), each chamber having 
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a die opening (20, 22); 

b) providing first and second sources (10, 12) 
of coating material, said first source providing 
coating material to said first chamber, sakJ 
second source providing coating material to 
said second chamber; 

c) providing an application roller (26) having a 
peripheral surface (24) for receiving the coat- 
ing materKil; 

d) extruding the coating material through the 
die opening of the first chamber and onto the 
peripheral surface of the applfcation roller to 
provide a first coating layer; 

e) extruding the coating material through the 
die opening of the second chamber and onto 
the first coating layer; 

f) conveying a substrate (30) past the periph- 
eral surface of the application roller at an ap- 
plication interface (28) to enable the applica- 
tion roller to transfer the coating materials 
onto the substrate in two layers at the appli- 
cation interface; 

g) conveying the coating materials on the per- 
ipheral surface of the application roller to the 
application interface; and 

h) rotating the applfcation roller to transfer the 
coating materials to the substrate in two lay^ 
ers at the application interface. 

The method of daim 1, wherein one of the first 
coating material and the second coating material 
is a pressure sensitive adheswe. 

The method of daim 2, wherein the other of the 
first coating material and the second coating ma- 
terial is a tie layer for bonding the adhesh^e layer 
to the substrate. 

The method of daim 1, wherein the substrate is 
paper. 

The method of daim 1 , wherein step h) comprises 
the step of rotating the application roller such that 
the surface velodty of the application roller s 
greater than the velocity of the coating material 
as the material is extruded from the die, to stretch 
the coating material and provide a coating layer 
of reduced thickness for application to the sub- 
strate. 

The method of daim 1 , wherein step f) comprises 
the step of conveying a substrate at a velodty 
greater than the surface velodty of the applica- 
tion roller to draw the coating material and pro- 
vide a thin coating layer for application to the sub- 
strate. 



7. The method of daim 1 , wherein the method f ur- 
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ther includes providing a die having a thntJ cham- 
ber (18a) having a die opening (22a), providing a 
third source of coating material adapted to pro- 
vide coating material to the third chamt)^, and 
extruding the coaling material through the die s 
opening of the third chamber and onto the second 
coating material. 

8. A substrate coated with a coating material by the 
method of any one of the preceding daims. io 
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